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Abstract
Road traffic crashes result from a combination of factors related to the road layout, the vehicles, the road users and the way they 
interact. First the main causes of pedestrian fatalities and the safety effects of road measures (traffic lights, roundabouts and refuge 
islands) at pedestrian crossings before and after implementation were investigated. The results indicate that there is a strong 
evidence for the positive effect of these measures especially on the number of the pedestrian related accidents. In the next phase 
a site survey was conducted in order to estimate the irregular crossing manoeuvres of car drivers and pedestrians at designated 
pedestrian crossings. Having analysed the irregular movements according to the type of crossing it was found, that car drivers
behave the most irregularly at crossings without a refuge island. Crossings equipped with flashing yellow lights, refuge islands and 
traffic lights require a much more appropriate behaviour from car drivers. In the next phase of the research the waiting time of
pedestrians and the delay of vehicle drivers again at pedestrian crossings were surveyed. Our results suggest that there is a need for 
a strong contribution of the human and the engineering fields to obtain an even more positive change in the safety of vulnerable 
road users.
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1. Introduction
Advanced safety measures involving vehicles, infrastructure and its environment, protective systems, training and 
development of behavioural knowledge are the main tools to reduce the number and severity of accidents involving 
vulnerable road users. The bulk of the substantial reductions in fatalities can be attributed to the increased passive 
safety features of cars. Along with them improvement in the infrastructure, establishing of speed cameras, the 
reassessment of speed limits to adjust them to road safety standards, effective drinking and driving policies, the 
increase in 30 km/h zones in areas where there are many vulnerable road users and improvement in pedestrian and 
occupant protection in cars are all very effective means of road safety.
The three factors of road traffic – human-vehicle-infrastructure – must mutually complete each other in order to 
achieve the best result in the field of road safety. In this research paper the results of a three phase research project 
intend to prove the necessity of a strong contribution of the human and the engineering to obtain an even more positive 
change in the safety of the vulnerable road users.
2. Traffic safety of pedestrians
The European Union has renewed its commitment to improving road safety by setting a target of reducing road 
deaths by another 50% by 2020, compared to 2010 levels. Hungary stand on the verge of halving road deaths compared 
with 2001 levels, with a reduction of 49%. Hungary has also been recognised with the “2012 Road Safety PIN Award” 
at the 6th ETSC Road Safety PIN Conference for outstanding progress in reducing road deaths. Following the relative 
success of the former action programme, a new programme was adopted for the 2011-2013 period. This new 
Hungarian Action Programme is linked with the main action areas and targets of the EU Road Safety Policy 
Orientations 2011-2020. 
The safety of vulnerable road users (pedestrians, cyclists, moped and motorcycle riders) is a critical issue. Several 
studies presented pedestrian accidents characteristics (among others Zegeer et al. 2002).
Despite the improvement in road safety in recent years, road accidents and their consequences remain a serious 
social problem. Many countries adopted and prioritised strategies to encourage active mobility and to improve the 
safety of pedestrians and cyclists. However, compared to the car occupants the results have been less satisfactory for 
vulnerable road users as the number of pedestrian and cyclist fatalities reduced only by a third in the 2001-2010 period 
in the IRTAD (2014) countries. In Hungary the percentage reduction in pedestrian fatalities (-56%) has been 
approximately the same as that for vehicle occupant fatalities (-54%) since 2004.
In this research paper accident statistics of Hungary focusing on the pedestrian related accidents were analysed in 
the period of 2004-2013, when 2048 fatal road accidents happened at crosswalks. The results show that at designated 
pedestrian crossings drivers cause 56% of the fatal accidents and in 44% of the accidents pedestrians are at fault (HTA 
2014).
The two major driver mistakes at pedestrian crossings were speeding (27%) and not giving priority to pedestrians 
(14%) as it is demonstrated in Fig.1. Apart from this research there are numerous studies proving that reductions in 
urban travel speeds have been particularly important in cutting pedestrian fatalities.
Fig. 1. Main causes of pedestrian fatalities at designated pedestrian crossings, Hungary, 2004-2013. Source: Author’s edition based on [2].
2123 Emese Mako and Petra Szakonyi /  Transportation Research Procedia  14 ( 2016 )  2121 – 2128 
When it comes to the fatalities where pedestrians were mistaken, a huge majority (67%) of the accidents occurred 
owing to crossing the road without due care. This number, however, is quite misleading, because theoretically 
pedestrians have priority at crosswalks even if they do not cross the road cautiously. Further mistakes pedestrians 
commit intentionally are running a red light (13%) and crossing at prohibited locations (13%) as shown in Fig. 2.
Fig. 2. Main causes of pedestrian fatalities at designated pedestrian crossings when pedestrians are at fault. Hungary, 2004-2013. Source: 
Author’s edition based on [2].
3. Accident analysis of pedestrian crossings before and after implementation of road safety measures
There is evidence that reductions in urban travel speeds are particularly important in cutting pedestrian fatalities. 
Furthermore, there is also some evidence that speed enforcement measures are more effective on urban arterial roads 
than on rural roads. Numerous before/after studies estimated the variation of accident frequency or safety related 
indicators consequent to the introduction of specific measures, some of them even evaluated measures enhancing the 
safety of pedestrian crossings (Carter et al. 2006, Elvik and Truuls 2004, Retting et al. 2003, Basile et al. 2010). One 
of the most relevant to our recent study is the paper by Bella and Silvestri (2015) which reports the results of a multi-
factorial experiment that was aimed at the followings: (a) analysing driver’s speed behaviour while approaching zebra 
crossings under different conditions of vehicle–pedestrian interaction and with respect to several safety measures and 
(b) comparing safety measures and identifying the most effective treatment for zebra crossings.
The goal of the first phase of this research was to evaluate the safety effect of road measures in urban areas by 
collecting and comparing pedestrian accident data before and after implementation of road safety measures taken in 
the time period of 2002-2014 based on the data of HTA (2014). The city of Gyor and its road network was chosen as 
a study area. The city is located halfway between Vienna and Budapest, its population is about 130.000, and it is the 
fifth largest city in Hungary. Involving the road management agency of the city 51 locations were selected, where 
among other reasons improving the safety of pedestrians was intended and the implementation of the safety measures 
was completed.
x 10 traffic lights,
x 22 roundabouts,
x 17 median/refuge islands
x and 2 recently established pedestrian crossings.
After the selection of the locations the pedestrian related accidents were analysed at all locations in minimum 3 
years before and after the implementation of the listed measures. The two newly established pedestrian crossings were 
filtered out, because the time period for the after situation did not reach 3 years as their construction year was 2013. 
The safety effect of the different types of measures were compared and analysed. The results of the research indicate 
that there is a strong evidence for the positive effect of these measures (Table 1).
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                   Table 1. Reduction of the number of fatal accidents after the implementation
                    of road safety measures.
Type of crossing
Total number of 
accidents
Number of 
pedestrian accidents
Traffic light -37% -75%
Roundabout -24% -85%
Refuge island -42% -64%
A significant drop in the total number of accidents was proved for all the three measure groups, 37% fewer accidents 
occurred at traffic lights (Fig. 3), 24% in roundabouts (Fig. 4) and 42% due to medium or refuge islands (Fig. 5). The 
effect of the measures is even more remarkable among the reduction in the number of pedestrian accidents. The 
greatest decrease with 85% was achieved in the 22 roundabouts, and there is an outstanding fall of the number of 
accidents at the locations of the 10 traffic lights and the 17 refuge islands, as well. 
Generally it can be stated that the implementation of these road safety measures had a very remarkable effect on 
the reduction of the number of accidents, especially on the pedestrian related accidents.
Fig. 3. Outstanding fall of the number of pedestrian accidents at traffic lights.
Fig. 4. Greatest drop of pedestrian accidents occurs at roundabouts.
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Fig. 5. Accident reduction of the refuge islands is significant.
4. Site survey of irregular crossing manoeuvres
In the second chapter of this paper it was demonstrated, that the main reasons of accidents at pedestrian crossings 
were drivers speeding and not giving priority to pedestrians. Pedestrians also make failures when they are crossing 
the road without due care, intentionally running a red light and crossing at prohibited locations. Pedestrian’s and 
driver’s behaviour at crossings was observed in several studies (Varhelyi 1998, Hamed 2001, Dept. of Main Roads 
2007). The paper by Turner et al. (2006) evaluates engineering treatments that can be used to improve the safety of 
pedestrians crossing at marked crosswalks on busy arterial streets. 
The goal of the following project was to observe the human behaviour at pedestrian crossing, to assess the irregular 
crossing manoeuvres of the drivers and the pedestrians. 
In this phase of the research a site survey was conducted including 83 locations of designated pedestrian crossings 
selected in the same study area, the city of Gyor. The locations were partly fall in with the locations of the first phase 
of the research. 
In this survey all regular and irregular movements of drivers and pedestrians were registered within 30 minutes in 
peak hours. The 83 locations of designated pedestrian crossings were sorted into five groups:
x 23 crossings without refuge islands,
x 10 crossings with refuge islands,
x 10 crossings with refuge islands and flashing yellow lights,
x 17 crossings at traffic light controlled junction  legs,
x 23 crossings at roundabout legs.
Typical irregular manoeuvres were drivers not yielding to pedestrians, or accelerating before the crossing instead 
of stopping. Among the irregular movements of pedestrians crossing at prohibited locations (more than 1 meter far 
from the zebra crossing) and running a red light were registered.
In Table 2 the results of the survey are indicated, sorted into the 5 groups of crossing or junction type. The share 
of irregular movements of crossing manoeuvres is listed for all kinds of road users: car drivers, cyclists, bus drivers, 
truck drivers and pedestrians.
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                    Table 2. Share of irregular movements at crossing manoeuvres.
Type of pedestrian 
crossing
Share of irregular movements of crossing manoeuvres
cars bicycles buses trucks pedestrians
no refuge island 8% 30% 27% 11% 15%
with refuge island 4% 31% 2% 9% 9%
refuge island + 
flashing amber
5% 19% 7% 2% 10%
traffic light 3% 26% 6% 11% 10%
roundabout 6% 29% 3% 7% 17%
Total 5% 27% 9% 8% 12%
Among all road users car drivers seem to behave the most regularly as it can be seen in the total numbers. Cyclists 
have the highest share of irregular movements. It can be accounted for the fact, that in the city of Gyor the majority 
of the cycling infrastructure consists of shared pedestrian and bicycle paths, therefore cyclists often cross the road 
from necessity at pedestrian crossings. The second highest share of the irregular movements can be attributed to 
pedestrians, as they are often cross the road away from the designated crossing (Fig. 6).
Fig. 6. Irregular pedestrian movement crossing the road away from the zebra crossing.
Having analysed the irregular movements according to the type of crossing it can be found, that car drivers behave 
the most irregularly at crossings without medium islands. Crossings equipped with refuge islands, flashing yellow 
lights and traffic lights require a much more appropriate behaviour from car drivers. Surprisingly the share of irregular 
busses exceeds the other road users in the group of crossings without refuge islands (27%) (Fig.7).
Fig. 7. The share of irregular movements of car drivers is the highest at crossings without refuge islands.
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The share of irregularity of pedestrians is the highest at roundabouts (17%). The reason of that is that pedestrians 
need to make a relatively big by-pass around the roundabout, therefore they often shorten the way and cross at 
prohibited locations. Crossings without refuge islands are not convenient for pedestrians, in many cases they cross 
irregularly rather than waiting for a vehicle giving the priority to them.
5. Site survey of delay time and waiting time at pedestrian crossings
In the survey of the irregular movements it was found that many road users cross the road irregularly because they 
do not want to wait too long. In the third phase of the research the delay time of the car drivers and waiting time of 
the pedestrians were investigated at the same 83 crossing location of the city Gyor.
According to the analysis by Fi and Igazvolgyi (2014) the rate of pedestrian accidents on zebra crossings varies 
between 32-34% from 2009 to 2012. This article provides a recommendation for zebra crossings with and without 
refuge islands for different vehicle volumes and for medium and high pedestrian volumes.
In the present study the delay time was measured at the 83 location using a sample of 50 pedestrians and 50 vehicles. 
The average delay times and waiting times are listed in Table 3 sorted into the 5 groups of crossing or junction type. 
                  Table 3. Delay Time and waiting time at pedestrian crossings.
Type of pedestrian crossing
Average delay time of 
a driver 
(s)
Average waiting time 
of a pedestrian
(s)
no refuge island 3,3 4,2
with refuge island 1,6 4,3
refuge island + flashing amber 2,1 3,1
traffic light 7,1 8,8
roundabout 3,9 4,9
Total 3,6 5,1
Apart from the traffic lights where there is a relatively high delay time for car drivers and pedestrians as well, the 
roundabouts and the crossings without refuge islands force the car drivers for the longest waiting time. Regarding the 
waiting time there is no significant difference between pedestrian crossings with or without refuge islands. One of the 
reasons behind this might be that they cross the road in one go, no matter there is a refuge island or not.
Crossings with refuge islands and especially those that are equipped with flashing yellow lights showed the shortest 
waiting times for pedestrians and the smallest delay times for car drivers. 
A sad evidence of the Hungarian traffic behaviour that the waiting time at designated pedestrian crossings is much 
bigger for pedestrians than the delay time of car drivers.
6. Conclusions
Advanced safety measures involving vehicles, infrastructure and its environment, protective systems, training and 
development of behavioural knowledge are the main tools to reduce the number and severity of accidents involving 
vulnerable road users. The results of the research indicate that there is a strong evidence for the positive safety effect 
of road measures especially on the number of the pedestrian related accidents. Analysing the irregular movements 
according to the type of crossing we found, that crossings equipped with flashing amber lights, refuge islands and 
traffic lights require a much more appropriate behaviour from car drivers. Our results suggest that there is a need for 
a strong contribution of the human and the engineering fields to obtain an even more positive change in the safety of 
vulnerable road users.
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